Changes over a 2 -week period in self -reported health and lifestyle information were examined and related to medical feedback provided prior to the second self -report. The study group consisted of 128 females and 73 males ranging in age from 35 to 85 with a mean age of 55.5 years. On two occasions subjects completed self -assessment questionnaires including 52 items covering symptomatology and various lifestyle behaviours. Before the second self -assessment, subjects were classified as cases if their blood pressure was borderline or hypertensive according to World Health Organization guidelines or as controls otherwise. Subjects were informed of this classification. Across questions, the percentage disagreement between reports ranged from 0.0% to 44.1% with a median of 17.5% and with case -control differences significant at the 10% level for four questions. The mean difference between responses was significantly different from 0 at the 10% level for 15 questions with case -control differences significant at the 10% level for 6 questions. For 2 questions, the significance level of the association of response with case -control status changed from a value greater than 20% based on responses before feedback to a value less than 5% based on responses after feedback. Some evidence of recall bias was found.
Introduction
Case -control studies, in which information concerning some past exposure is compared in those with and those without some particular disease, are particularly useful for investigating potential risk factors for diseases that are relatively rare. The methods used to ascertain exposure status are critical to the validity of a case -control study. When these methods rely on self -reports of past exposure, there is the potential for erroneous recall to occur with a consequent bias in the estimation of the association between exposure and disease status. In a situation where errors occur randomly and in a similar fashion for both cases and controls, the effect of such errors is to reduce the power of the study and to make it more difficult to establish an association between exposure and disease. However, in a situation where the pattern of errors is different for cases than it is for controls, there is considerable potential for the errors to produce misleading conclusions regarding the association between exposure and disease. Lippman and Mackenzie (1985 ) refer to this phenomenon as recall bias.
Many attempts have been made to quantify the accuracy of self -reported exposure assessments. One type of study involves a comparison between self -reported exposure and exposure as determined by a suitable biochemical marker. Cotinine has been widely used as a marker for exposure to nicotine in the context of both active (Patrick et al., 1994) and passive smoking ( Barry, 1997 ) . A second type of study involves a comparison between self -reported exposure and exposure as determined from medical records. Examples of such studies occur in the context of elective abortion (Lindefors -Harris et al., 1991) , in the context of drug usage (Paganini -Hill and Ross, 1982 ) , and in the context of oral contraceptive use (Stolley et al., 1978 ) . A third type of study involves a comparison between self -reported exposure and exposure as reported by a surrogate respondent, usually the next of kin. Examples of such studies occur in the context of environmental tobacco smoke ( ETS ) exposure , in the context of dietary information (Humble et al., 1984 ) , and in the context of medical, smoking, and dietary consumption data ( Herrmann, 1985 ) .
A fourth type of study is the so-called test -retest study involving a comparison between self -reported exposure assessments taken at two separate time points. The best design for such a study involves one exposure assessment before determination of case -control status and a second assessment after determination. Such studies are usually undertaken as part of a case -control study nested within a cohort study. A series of reports have emanated from a case -control study nested within the Canadian National Breast Screening Study. Dietary data collected upon enrolment into the Screening Study were compared with data collected after disease diagnosis. The authors focussed on case -control differences in dietary recall and reported little evidence of recall bias. Holmberg et al. (1996 ) used a similar study design and reported similar conclusions. In a case -control study nested in the Nurses' Health Study cohort, Weinstock et al. ( 1991 ) assessed recall bias in the ascertainment of two risk factors for melanoma: hair colour and ability to tan. The authors report that, among women diagnosed with melanoma after the first questionnaire but before the second, there was a substantial shift towards reporting a reduced ability to tan when participants were questioned after the diagnosis of melanoma. Gibbons et al. ( 1993 ) compared prospective and retrospective maternal responses to an identical set of questions for participants in a case -control study of sudden infant death syndrome. While the number of participants is small, the authors do report some evidence of recall bias regarding family history of disease and infant bedding.
In this paper we report on a study carried out using a test -retest design. Subjects attended for blood pressure screening and were asked to complete a questionnaire concerning a variety of health and lifestyle factors. The subjects were asked to return 2 weeks later when their blood pressure was measured. Having been informed as to the results of the blood pressure screening, subjects were then asked to complete the same questionnaire a second time. We compare the two sets of responses and investigate whether the type of blood pressure feedback given affects the nature of the discrepancies between the two responses.
Methods
An independent subject test -retest design was used that involved two visits with the study team. At the first visit, each subject completed a self -assessment questionnaire, which included questions relating to self -assessed health, food intake, alcohol intake, exercise, smoking, and exposure to ETS. Each participant was given a date and a time to return for blood pressure screening. During the second meeting with the study team, participants first had their blood pressure measured using a commercially available portable digital blood pressure monitor. After blood pressure had been recorded and appropriate feedback given, participants were asked to fill out the health /exposure selfassessment questionnaires once again. The study design was approved by the University of Limerick Research Ethics Committee.
Recruitment information sheets were distributed to industries, schools, and community organisations in four locations in the west of Ireland, i.e., Galway, Limerick, Sligo, and Donegal. In total, approximately 1500 people received information about the study either by way of recruitment information sheets or by direct contact with the researchers during presentations. All potential candidates were informed that the study would examine the association between self -reported lifestyle, anxiety, and hypertension. Exclusion criteria were as follows: (a ) any participant not aged between 35 and 85 years, ( b) any participant who had suffered from angina, a heart attack, a coronary thrombosis, or a myocardial infarction, (c ) any participant who had been previously told by a doctor or other health worker that they have high blood pressure, ( d) any participant who had ever been treated for high blood pressure, and ( e) any participant who had been screened for high blood pressure during the past 24 months. Participants who fit the selection criteria and who gave written consent to their participation in the study were later contacted to arrange an initial appointment with the study team.
A questionnaire was developed for the purposes of the study. The questionnaire included questions relating to selfassessed health, food intake, alcohol intake, exercise, smoking, and exposure to ETS. The majority of these questions were adapted from the questionnaires used in the MONICA hypertension project ( WHO Monica Project, 1990 ) and in the recent IARC study investigating the possible association between lung cancer and exposure to ETS.
A pilot study, using a slightly longer version of the questionnaire, indicated that participants had no difficulty understanding questions and that the response format was appropriate and unambiguous. The pilot study led us to delete some questions from the questionnaire. Reasons for question exclusion were the open -ended nature of questions, repetitious questions, questions with redundant responses, ambiguity or imbalance of questions, and lack of question specificity.
The questionnaire used in the study contained seven questions dealing with smoking habits. Only 37 subjects in the study group reported any history of smoking and we have omitted consideration of these questions from this report. Thus, we report on 52 questions. Table 1 shows the text of each question. The questions were of three types: (i) Yes /No questions, (ii ) questions with ordered categorical responses, and (iii ) questions with continuous response scales. The number of possible response levels for each question is identified in Table 1 with the symbol ''C'' used to denote questions with continuous response scales.
Blood pressure was measured using a commercially available portable Lafayette digital blood pressure monitor (Model UA -751, Product Licence No. 1970800455 issued to A & D Engineering, Milpitas, CA ). Blood pressure assessments were carried out by trained health researchers and certified nursing assistants who were experienced in the Table 2 .
Each participant's blood pressure was recorded five times in total, giving a rest period of 2 min between each measure. The median systolic and diastolic blood pressure were calculated for each participant. Participants were given feedback in accordance with WHO categories listed in Table  2 . As recommended by the U.S National Heart, Lung and Blood Institute, ''when systolic and diastolic pressures fall into different categories, the higher category should be selected to classify the individual's blood pressure''. Therefore, any participant in the current study who displayed a median systolic blood pressure reading in the ''borderline'' category but a ''normal'' diastolic reading, or vice versa, was informed that the reading was borderline. Also, if either reading was in the hypertense category, participants were given appropriate feedback.
Participants who were classified ''borderline'' and ''hypertense'' types were asked to consider consulting a medical practitioner for regular checkups and advice on how to control their blood pressure. To avoid variance in the tone of researcher feedback, feedback was given in a written format with each participant receiving the same format.
Separate analyses were performed for each of the 52 questions. Only subjects who responded to a particular question on both occasions were included in the analysis for that question. We shall describe subjects who received feedback indicating borderline or high blood pressure as cases and subjects who received feedback indicating normal blood pressure as controls.
Two outcome variables were studied. The first was the percentage of subjects for which both answers were identical; case -control comparisons of such percentages were carried out using Pearson's chi -squared test. The second outcome variable studied was the change in response as measured by subtracting the pretest response from the posttest response. In order for a positive value of the change to consistently imply increased reporting of a risk factor at posttest, it was necessary to reverse the coding for responses to five questions. The questions concerned are shown in italics in Table 1 and include the questions relating to consumption of milk, fruit, and green vegetables as well as the questions relating to frequency and duration of exercise. Tests of the hypothesis that the true mean change is 0 were carried out using the one -sample t test; case -control comparisons of such mean changes were carried out using the two-sample t test. Given the exploratory nature of the investigation, P values that were less than 0.10 were deemed worthy of comment and are described as notable in the text.
Associations between case -control status and question response were studied using logistic regression analysis with case -control status as the dependent variable and question response as the only independent variable. Casecontrol status was coded as 1 for cases and 0 for controls so that positive associations indicate a higher response in the cases. Separate analyses were performed for pretest and posttest responses.
Results

Sample Characteristics
There were 201 subjects ranging in age from 35 to 85 with a mean age of 55.5 and a standard deviation of 13.5. 128 or 64% of the subjects were female. Seventeen percent of the subjects completed formal education at primary level, 38% at second level, and 45% at third level. Twenty -four percent of subjects were single, 56% were married or cohabiting, and 20% were divorced or separated. The median testretest period was 15 days. Of the 201 subjects, 137 were normotensive, 46 were borderline hypertensive, and 18 were hypertensive. Table 1 shows, for each question, the number of subjects who responded on both occasions, the percentage of subjects for whom the two reports disagreed, and the mean change together with the standard error of the mean change.
Test -Retest Agreement
Across questions, the percentage disagreement between reports ranged from 0.0% to 44.1% with a median of 17.5%. There were 17 questions having dichotomous response and, for these, the percentage disagreement ranged from 0.0% to 8.3% with a median of 2.8%. The highest percentage disagreement was for the question ''Did this physical activity make you perspire or short of breath?'' There were 26 questions having polychotomous response with either four or five categories and, for these, the percentage disagreement ranged from 12.1% to 44.1% with a median of 28.5%. The highest percentage disagreement was for the question relating to the frequency of symptoms of coughs, catarrh, or phlegm. There were 9 questions having continuous response and, for these, the percentage disagreement ranged from 8.3% to 42.9% with a median of 32.5%. The highest percentage disagreement was for the question ''How many glasses of spirits would you say you usually took at a sitting?'' The mean change was notable for 15 of the 52 questions and, for 11 of these 15 questions, the mean change was significantly different from 0 at the 5% level of significance. Two of these questions were from the Medical history section with one (Question 3) showing a shift in the less healthful direction and the other ( Question 5 ) a shift in the more healthful direction. Five of the questions were from the Symptoms section with the reported incidences of sore throat, diarrhoea, pain passing water, and loss of appetite being higher at posttest and that of Undue tiredness being lower at posttest. Reported consumption of eggs (Question 24 ) was higher at posttest. Four of the questions displaying a notable mean change were in the Alcohol section with reported age of starting to drink alcohol (Question 31) being lower at posttest and reported consumption of both beer (Question 33 ) and wine ( Question 34) as well as alcohol generally ( Question 32 ) being higher at posttest. Reported exposure to maternal tobacco smoke (Question 42 ) was higher at posttest; reported exposure to paternal tobacco smoke ( Question 40 ) was also higher at posttest but the mean change was not notably different from 0. Subjects reported greater adverse effects of exposure to tobacco smoke at posttest (Questions 51,52).
The Effect of blood pressure Feedback
We compared case and controls in terms of the percentage disagreement and the mean difference between responses given after blood pressure screening and those responses given 2 weeks earlier before screening.
In terms of percentage disagreement there were notable differences between cases and controls for the symptom Loss of Appetite (19.2% for cases vs. 9.6% for controls ) and for the questions ''How often to you eat fried food each week?'' (23.4% for cases vs. 44.5% for controls ), ''How often in the past year did you have one or more drinks?'' ( 22.4% for cases vs. 12.0% for controls ), and ''Do you share workspace with colleagues who are presently smokers?'' ( 0% for cases and 8.2% for controls ). Table 1 shows, for each question, the mean change and standard error of the mean separately for controls and cases. There were notable differences between cases and controls for the following questions: ''How often do you have to get up at night to pass water?'' (0.00 for cases vs. 0.13 for controls ), ''Are you troubled by shortness of breath when hurrying on level ground or walking up a slight hill?'' ( + 0.02 vs. À 0.07 ), Indigestion ( + 0.14 vs. À 0.10 ), High Temperature ( +0.07 vs. À 0.04), ''How often in the past year did you have one or more drinks?'' ( + 0.20 vs. + 0.01), and ''During the past year how many times per week on average have you taken exercise?'' ( À 0.14 vs. + 0.19). With the exception of the first of these questions, these results indicate a tendency for cases to move towards less healthful replies and /or controls to move towards more healthful replies.
Association Between Hypertension Status and Questionnaire Replies
For the purposes of discussion we shall describe associations with significance levels less than 0.05 as significant, those with significance levels between 0.05 and 0.20 as borderline, and those with significance levels of 0.20 or greater as nonsignificant. For each of the 52 questions, the association between case -control status and question response was investigated first using pretest responses and then using posttest responses. Table 3 is based on a crossclassification of the 52 questions based on the nature of the association found in these two investigations. For 26 of the 52 questions the association was nonsignificant at both pretest and posttest. For the remaining 26 questions the direction of the association was the same at pretest and posttest being positive for all 26 questions.
There was no question for which the nature of the association changed from significant at pretest to nonsignificant at posttest but there were two questions for which the nature of the association changed from nonsignificant at pretest to significant at posttest. The two questions concerned were the questions relating to indigestion and high temperature in the symptoms checklist. At pretest, the mean score for indigestion was 2.21 for cases and 2.12 for controls whereas the corresponding values at posttest were 2.34 and 1.96, respectively. At pretest, the mean score for high temperature was 1.25 for cases and 1.17 for controls whereas the corresponding values at posttest were 1.34 and 1.13, respectively. For both symptoms, the mean score increased at posttest for cases and decreased for controls explaining why a nonsignificant association at pretest became a significant association at posttest. A similar pattern was found for the question relating to backache in the symptoms checklist for which the association was borderline at pretest but significant at posttest. At pretest, the mean score for backache was 2.46 for cases and 2.13 for controls whereas the corresponding values at posttest were 2.53 and 2.07, respectively.
Discussion
The current study investigated differences in self -reported health and risk exposure assessments taken before and then after blood pressure screening. The laboratory based controlled screening programme, developed for the current study, allowed us to standardise both our procedures and all the communication with participants. Also, because the current study allowed for direct comparisons of recall using identical questions on pretest and posttest and a fixed testretest time interval, it was possible to assess with precision, the frequency, magnitude and direction of response change and the impact of blood pressure feedback on the pattern of response change. Subjects completed the same questionnaire on two occasions separated by a period of 2 weeks. We measured the divergence of responses in terms of the percentage of subjects whose two responses differed. Across the 52 questions, the divergence ranged from 0% to 44.1% with a median of 17.45%. Generally speaking, divergence was higher for questions having a larger number of potential responses. This is to be expected since it is much easier to give discrepant responses to a question such as ''How old were you when you began to drink alcohol?'' than it is to a question such as ''Do you get a pain in either leg when walking?''
The existence of such substantial divergences is of interest in itself. However, it is of even more interest to examine why such divergences occurred. One of the causes of the divergences is probably random recall error. Such error would involve discrepancies distributed about a mean of 0 and with no difference between cases and controls in terms of mean discrepancy. The results of this study, however, suggest that random recall error is only part of the explanation for the divergences found and that bias also has a role to play.
At the first visit subjects were merely asked to complete the questionnaire and given an appointment for the next visit. At the second visit subjects were screened for hypertension and then asked to complete the questionnaire again. The fact that for 15 of the 52 questions the mean discrepancy was significantly different from 0 at the 10% level suggests that there may be a bias induced by the screening procedure itself.
In general, the bias induced by screening seems to elicit response changes in the less healthful direction. Compared to their responses at pretest, subjects at posttest reported that they got up more often at night to pass water, experienced symptoms of sore throat, diarrhoea, pain passing water, and loss of appetite more frequently, ate more eggs, started drinking alcohol at a younger age, drank more beer and wine and alcohol generally, experienced greater exposure to maternal tobacco smoke as children, were more disturbed by other people's tobacco smoke, and were more physically affected by tobacco smoke. In contrast, subjects reported that they were less troubled by shortness of breath when hurrying on level ground or walking up a slight hill and that they experienced symptoms of undue tiredness less frequently.
Recall bias occurs if the recall error mechanism is different for cases than it is for controls. The fact that for 6 of the 52 questions the mean change for cases was significantly different at the 10% level from that for controls suggests that recall bias may be a factor in explaining the recall error found in the present study. For five of these six questions, the results indicate a tendency for cases to move towards less healthful replies and /or controls to move towards more healthful replies. For all of the six questions the direction of the association between case -control status and question response was the same at pretest and posttest. For two of the questions (indigestion and high temperature ), nonsignificant positive associations at pretest (P values of 0.65 and 0.28) were transformed into a significant positive associations at posttest ( P values of 0.03 and 0.008 ). This pattern is that envisaged by the classical notions of recall bias.
We regarded this study as one having a nice design to investigate important questions but which was nevertheless very much exploratory in nature. In that spirit we thought that statistical methods should be used to direct attention to the more interesting results rather than as a means for controlling Type 1 errors. Therefore we ignored the problems of increased Type 1 error rate due to multiple testing and felt free to comment on results that were significant at the 10% level rather than the more usual 5% level. This latter decision was strongly influenced by the fact that many of the P values we calculated turned out to lie in the interval [ 0.051, 0.075 ] and that to simply dismiss them as nonsignificant would be inconsistent with the exploratory nature of the investigation.
It is important to recognise the fact that the potential for recall bias exists. Apart from that, it is not possible to make general statements. Recall bias may exist for responses to one question and not for responses to another or it may exist for one study group's responses to a question but not for another study group's responses. It is also important that the results be interpreted in the light of the fact that most of the characteristics studied are believed by the lay public to be associated with hypertension. The results might not apply to other risk factors that are not so viewed, or to these same risk factors with other diseases with which the general public does not see a connection. It is also possible that the extent of recall bias depends on the severity of the disease under investigation. Our study might have produced greater evidence of recall bias if we had been screening for cancer rather than for hypertension.
The paper should remind investigators of the importance of quantifying the extent of recall bias as carefully as possible either before or during the main data collection period. Such quantification should become an important part of questionnaire validation in studies where exposure measurements are based on the subject's own assessment of exposure. In the absence of such quantification, the methods proposed in Barry (1996 ) may be used to ascertain the extent of recall bias that would be required to overturn a given inference of association. This, in itself, is useful information as it allows judgements to be made as to whether or not the required extent of bias is a realistic possibility.
